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更高。不同组成与结构 PAHs 对鱼类胚胎发育的毒性有所差异，BaP 暴露与仔鱼死






着明显的剂量效应关系，BaP 浓度为 0.8µg•L-1 时已经开始被诱导，活性最大值出
现在最高浓度组 1.8µg•L-1 最高浓度组，EROD 活性值是对照组的 4 倍，随着 BaP
浓度的升高 EROD 活性呈正相关上升，证实胚胎 EROD 活性可以做为 BaP 暴露的
敏感性生物标志物。 
3）双向电泳实验发现 BaP 暴露的真鲷胚胎在发育的两个阶段 36h 和 72h，其
表达的蛋白无论是在表达种类还是含量上相对于对照组都有较大变化。BaP 暴露














蛋白。BaP 暴露的真鲷胚胎 36h 阶段在 PI 范围 5.0 左右，分子量范围 64－90KDa
以及 25－30KDa 区域内分别出现两组差异蛋白，在 PI 范围 6.0－7.0，分子量 20
－30KDa 区域内同样也出现了一组新蛋白。72h BaP 暴露的真鲷胚胎在 PI 范围 7.0
－10.0, 分子量 28－30KDa 出现两组蛋白,并且蛋白量较高；PI 范围 6.0－7.0，分








































                    ABSTRACT 
This paper studied the developmental toxicity of PAHs on the marine fish embryos. 
Two kinds of marine fishes (Hapalogenys nitens Richardson and Lateolabrax japonicus) 
embryos were exposed to three different PAHs. In ovo EROD was measured to detect 
the responses of CYP1A in Pagrus major embryo exposed to BaP, the expression levels 
of AHR1, AHR2 and CYP1A mRNAs were also determined in different developmental 
stages, and 2-DE was used to analyse the difference of protein to study the 
developmental toxicity of BaP to Pagrus major embryo. 
1). Differences on the susceptivity of embryos were studied after the three PAHs 
exopsure among several developmental stages. Results indicated that the most 
susceptive stages in the period of hatching is from blastula to gastrulation, however the 
early hatched embryos were more susceptive compared to the embryonic stage, the total 
mortality and malformation percents of which are much more higher than the other 
stages. Significant correlations were found in the mortality of the early hatched 
embryos with the exposure dose of BaP, while there were no evident dose-response 
relations with other two PAHs compounds exposure. A variety of Physical and 
morphological defects were observed, it has been found that embryos exposed to Phe 
induced syndrome of pericardial and yolk sac edema, embryos exposed to BaP have 
different defects of spinal curvature, while embryos exposed to An have no significant 
defects. The heart rate and hatching time of embryos exposed to the three PAH 
compounds were also different. 
2). In ovo EROD activity was measured at 9 days post fertilization. The result 
showed that CYP1A activity of the embryos was inducible by BaP concentrations as 
low as 0.8μg•L-1, with maximal induction occurring at the 1.8μg•L-1 BaP concentration. 
In ovo EROD was dose-dependent with BaP exposure, and it has proved that CYP1A 














3）It has been found protein of Pagrus major embryo exposed to BaP was mainly 
acidic protein which mostly distributed between pH3-7using 2-D method. The most 
obvious protein expressed in the protein profiles of embryo exposed to Bap at 36h were 
two group of proteins with size about 64－90kDa and 25－30kDa, pI 4.5–4.6. Another 
group of new proteins of size about 20－30kDa all appeared. Embryo exposed to BaP 
at 72h also had new protein expressed with size about 28－30kDa pI 7.0－10.0 and 
size about 10－20kDa pI 6.0－7.0. These protein  
     4). Temporal patterns of rsAHR2 and CYP1A mRNAs were similar in Embryos 
exposed to BaP, representing a significant positive correlation between rsAHR2 and 
CYP1A mRNA levels, but not between rsAHR1 and CYP1A. In comparison of 
temporal trends of BaP-induced AHRs and CYP1A expression, and developmental 
toxicities, the highest expression of AHR2 and CYP1A mRNA were detected at 36h 
prior to the appearance of serious toxic manifestations(high mortality). The apparent 
decline in induction of AHR2 and CYP1AmRNAs was observed after 36h, meanwhile  
mortality appeared in high dose groups embryo. So the high induction of 
CYP1A/AHR2 maybe important for the developmental toxicity of Bap. The AHR2 
mRNA level was much more higher than AHR1 even in control, and the difference in 
transcript levels between AHR1 and AHR2 became greater in a dose-dependent manner. 


















英文缩写 英文全称 中文全称 
CYP450 cytochrome P450 细胞色素 P450 
EROD 7-ethoxyresorufin-O-deethylase 7-乙氧基异吩恶唑正脱乙
基酶 




NCBI National Center for Biotechnology Information 美国国家生物信息中心 
cDNA         Complementary DNA           互补脱氧核糖核酸 
DEPC         Diethyl pyrocarbonate 焦碳酸二乙脂 
DTT          Dithiothreitol 二硫苏糖醇 
EB            Ethidium bromide 溴化乙锭 
EDTA         Ethylene diamine teraacetic acid 乙二胺四乙酸 
IPTG          Isopropyl-β-D-Thiogalactopyranoside 异丙基硫代-β-D-半乳糖苷 
TAE           Tris-acetic acid-EDTA buffer     Tris-乙酸 EDTA 缓冲液 
kDa kilodalton 千道尔顿 
bp           base  paire                      碱基对 
PCR Polymerase chain reaction             聚合酶链反应 
SDS Sodium dodecyl sulfate 十二烷基硫酸钠 
SDS-PAGE SDS-polyacrylanide gel electrophoresis SDS-聚丙烯酰氨凝胶电泳 
























持久性有毒化学污染物( Persisitent Toxic Substances , PTS )被认为是21世纪影
响人类生存与健康的重要环境问题。无论是斯德哥尔摩公约中确定的 12 类
POPS( Persistant Organic Pollutants );还是美国 EPA 确定的 12 类 PBT( Persisitant 
Bioaccumulative & Toxic Chemicals );以及环境内分泌干扰物 EEDs ( Environmental 
Endocrine Disruptors )的研究都与持久性有毒化学污染物有关。联合国 UNEP 制订
的持久性有毒化学污染物( PTS )研究清单目前包括 27 种有毒化学污染物, 多环芳




燃烧或热解过程。PAHs 也是最早被发现和研究的化学致癌物（Ronalk et al. 1984），
由于这些污染物在全球普遍存在,具有生物累积性、难以降解、可远距离传输、致
癌致突变性和内分泌干扰等特性,它们所引起的环境与健康问题已经引起国际环境
保护组织、各国政府和民众的高度关注。1976 年美国环保局提出的 129 种“优先
控制污染物”多环芳烃类化合物有 16 种(Manoli et al., 2000)；1990 年我国提出的
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